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SummarN. To determine the effects of acute heat Introduction
stress, heat acclimation and hypohvdration on the
gatric ermptying rate of" water (\V) during tread- During exercise, core temperature increases in
nli'l exercise, tel physically fit men ngested proportion to the metabolic rate of' the acti itv
410) ml of "' before each of three 15 min bouts of (Neilsen 1938). In order to minimize the rise in
exercise itreadmill. - 50" ) on five seperate core temperature, skin blood flow increases and
occasions. Stomach contents were aspirated aftei sweat is secreted to dissipate the metabolically re-
each exercise b,7tt. Before heat acclimation leased heat. During prolonged exercise in a hot
.('(, experiments were performed in a neutral environment, sweat rate (and thus body water
IS (), hot (4'Y9-C) and warm (35'C) environ- loss) can exceed 1.0 I -m h ' (Adolf 1947:

ment. SLIh.ects ocre euhvdrated for all experi- ('ostill et al. 1970). If not adequately replaced by
ments before A(V.,.After ACC, the subjects com- fluid ingestion, this body water deficit will result
pleted two more expheriments in the warm (35' C') in an increase in both thermal and cardiovascular
environment: one while euhydrated and a final strain, thereby reducing heat loss and exercise
one while hypohydrared ( - ", of body weight). performance (Sawka et al. 1984a).
The volume of ingested water emptied into the in- It has generally been a-umed that fluid in-
testines at the ':ompletion of each exercise bout gested during exercise/heat stress will be readily
was inversely correlated, (P<0.01) with the rectal absorbed by the gut. In a recent study howe\er.
temperature (r= -0.76). The following new ob- Owen et al. (1986) found an increase in the gastric
servations were made: 1) exercise in a hot (49'C) residue recovered following treadmill exercise
environment impairs gastric emptying rate as performed in a warm [35'(. 20'1-50", relative hu-
compared with a neutral (18 C) environment, 2) midity (r.h.)] as compared with a neutral (25'C.
exercise in a warm (35 C') environment does not 20'!,- 50 r.h.) envirenment. Although gastric
sienificantly reduce gastric emptying before or emptying was assessed from only a single residue
aft'ter heat acclimation, but 3) exercise in a warm obtained immediately following 2 h of exercise
enlxironmcnt (35 () when hvpohydrated reduces and fluid ingestion, these findings do suggest that
gastric eiptying rate and stomach secretions. Re- acute exercise/heat stress may reduce gastric
(ILIction's in gastric emptying appear to be related emptying, possibly limiting fluid replacement.
to the severity of the thermal strain induced by an It is well established that heat acclimation re-
exercise heat stress. duces the thermal and cardiovascular strain asso-

ciated with a given exercise-heat stress (Rowell
Ke, Aords: Fhermal strain Heat acclimation 19X3). This raises the question that, if' acute exer-
I readmill exercise Fluid replacement - Sto- else/heat stress reduces gastric emptying. does
mach secretiorn,, heat acclimation attenuate this reduction'? In con-

trast, the thermoregulatory advantages associated
with heat acclimation are compromised in indi-
viduals performing exercise in the heat when h,-
pohydrated as compared with euhydrated (Sawka

1/l1C%, 0, 1. I). NCufcr et al. 1983). Both the separate and combined ef-
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Heart rates during exercise in the hot environ-

R esul~t s ment ( H -UNj Were siunificaikl higher than all
other experiments. for bouts 1 and 2. In addition.

R(, iail witnj urI'(iure Mnd heart rare

Rectal tem~peratures increase(] sionificantlv dur- f-able 1. Heart rule durini- esercike

n- e.\crci,, for all experiments ( Fig. I). Exercise
tn ai wairm environment (35 C) in the unaccli F- \[periiitettt I101.ti 1 tioiit 2 Bout

nmed -state \-U 'N ) elicited at modest rise in rec- i h ill m Mil hu tll 101
ti tem1per-ature that wVas greater than experiments iin' itl 'n "'''

N-I i nd W-A(( during, the second and third
N-tiN 14, 1i 145 1 1 1

Cserise bouts. The rectal temperature responses -,1 1 , ."
in the \warm envirenment lW-ACC? following f I-tN 1' 1 s 1%16 20~ 1

hecat a Ich1n:1tti n sl ere not d i ferent from re- 7)-

-spminss ob-served dUri nga experiment N -UL N. 1k-tiN I53 161) - I1 -) 164 I 1 - 1 f4-

\\hen sub-iects w ere hypoh~dratcd ( HY-A((). +4 +4 ~ 4 4 -

rectal temperature Iashigher than experiments, + 4 t . -, 4
VI N id W-.-\( Cbs the end of :he first extercise ilYA; vs 1~I -7(j 16-D1 - 1s

hiut atid remnainied elevated over experiments N- (it - Su i) + 6 + (, (,+6 1 ;
W.\-i - N, anl-d \\-A( ( during the Cinal two ex- \"il, IelltS. i II)Iolca it hin iiii-Fr

hci l ci\W b1 )iskTosbecs cvre forced to v i th- thu Ae itierli and 10 t iino Cac I i; Iiii hirtte i/i - miic 'C"10iitil1 O
(Iri rm h hph~rtjneperiment HMY- [Or est'erifleiii N-t N i iieuii enCriioIIiiii. IN( It-i

A( (tdue to illness, resulting, in an N of X for ex- (hit ensiriinneni. 49 (preisshliiiitiw \\-L N i-s ri ensi i
pernient II Y-A( ( -. The largest increase in rectal rotlnilt, 35 C preaclum itioti W I \ (\\il rmn T iiit C1
temperature occurred during cx pen ment HI-I- . 11N ( VCposiiemio t Kk'MIu) \(1( If I IS hs pottsdr issl .

lie ~ ~ ~ C 15r rs e e -,- p0-si u.ci imliiion. , sinii iiIP - 111;5 dill I litB, ii e f' the firs exercise bout, rectal tn- I ruii All esperimeii- 'Stigntiis caitil dii Itlt Ii otti C \pT it

perature duLring, H-UN x'as higher than during ex- iuuNiN jtistlsdisst otiepinst

priment' N-U1N. W-A(( and W-UN and, (luring and Wi I'N
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It~ln1I Bot0  I Bout, 2 BItol npt~itng ratc

N-I~ S qI0. 3s 31. 1 4 1 1314.t) 3M. 21 0

I. I~ 1 - '4.'- 1.4
If1 1 r 451" 190.1 1 93.9'

'n 4.3 3, 1 35 . ')+2 2.0
t\ 7. ....- '9 3' '179 S9

h)4. 13.9 L)-6.5 + 1 +4.5 t 1. 1
9 \i2 .)41.0 324.3' 2. s I6I 29 1 10,4

IQ49 16, 0. 1-175 i4.9 1.

tI.. IIC mean S1 11 111) Iom lhL Ore wolme I mill of oriinaml drink emptied ()I)[ fromnthe stomnach to the mnite-tine and (thc
-I M ,1111 01 1t0mIIc1h 'ecrectbons iSS added to the gastric residuesI during each mi ne rs sc ,l fo e~eii -. 'N

i[WHI, cm 111% nt HI I I S ( ), 11A1 N5 hot ensironmntt. 49) ( preaccliiationi. W LN' (armi ens rofntnilt. 35 ( pro~iccliinaltIon).
\W V ( 1\ "IT 1 ronient. 3' ( [41st a.iia~tiont . antd HY'-M Ci ( -y hx poh~dratcd. 35 ( post acclimnation). Also presenited 1s
III, ,ipl o\iit is crm_, cnipmmI n rate mnl -min ') dsfi, e lCii e~perimet

Sictijijenritls ditlercont p Ait rom esperimnent VIt IN. Signilicanti\ different front experimntst N-I'N. \\JI>.. anid ,

V( (

heart rmftcs during experiment HY-ACC were pressed as a percentage of* the volume Ingested
v.reajter than duringo experiments N-UN and W- (400 ml). averaged only 52', as compared with
IN. Lxereke in th warmi environment (experi- 79", during experiment N-UN. The gastric emnpty-

nients W-1- N and W-ACC) also elicited slightly ing responses during experiment W-UN were in-
urcater heart rate responses as compared with ex- termediate to experiments N-UN and H-UN. be-
pcrimicnt N-U N. ing less than experiment N-UN ontly during the

Folo'vi g7 dax N of he at exposure, in'l rectal second exercise bout (Table 2).
temlperature1- a]les during acclimation sessions
xx crc sieihcanitlv lowered from 39.06 ±0. 16 C Gastric e'/pii'inq: heat acclimation and hipohvrdra-

ITO 1\ I to 35- . 19 110 I C on dav 7. Final exer- tion. All ten subjects achiev-ed the prescribed lex el
etscC HR slues were sianificantly decreased from of' hypohydration before experiment HY-ACC.
I 55 t4 h ninIi on daV I to 1 36 ±3 h- mi m on Table 3 gives the resting values of blood consti-
day 7. Rectal temperatures and HR were not sig- tuents when the sulijects were euhydrated and 5".
ni*1icmintlx litlCererit between days 5. 6 and 7. and, hypohydrated. Values for hemoglbn eao
as sulch, heat acclimnation w as accepted as being crit, osmolality and plasma protein were greater
Comtpl etc.

Gel/,/ emti-nt cul e~crc . het sres. Tble T.-ble 3. Mtood consti . .. the eu hi% drated and 5.. fix pohxN

( j l , i ' t i n ./ u t d'X r i x w ~ x r s . T b e ( r m t e d " l a t e
-preents the koltimes of' original drink emptied

a rd lie corresponding ax erage gastric em ptying It\ drationl Blood paramieter
rates during experiment,, N-UN. [f-U N and W- state 1hlc ' )1
UfN. The x olunie of' original drink emptied aver- Lh .e w(MIIlsmo 1I'0Iil
aged 3 15.3 ± 2 1.3 mnl for the three exerjise bouts h)ml . nsmfI .liitl

d)tiring experiment N -UN. corresponding to af Imm ufnr/Itd 14.2 43.9) 2M)1 7.1I

meian emrptying rate of' 21.0± l.4 nil -mii I. In 1-. 0±0.6 +± f ±0. 1

contrast. thle volu mes ol' origi nal drink ciptied I Ixpohx drated 16.8 ii.i0' 2,N7*.8
Ix~ ti "m g e xp er imecn t II-UL N a is c om p are d + 0. .(.3

with N-I. N in hout iaio,1 cxperrents N-UN and
W -I 'N in hout 2., corresponding to at ga,.,Ji VAIC M-us ~e mean ± SF. 10 - 10) for hiemoglobin I Hhl. henato-

cmt~nt rteduin epeimntH-N f' cr11 ill-, .'n~i (sinl a mnd plasmia protein I ). from

c m pt c no r tWui g e p r m n f hood anipleN ohtained 11 ii hefore \ ens W A( C(
13.9± 2. 0 ml - min I. The voIltIme of' original IVcuhx drited and HIY-A( 0S,. hx pohydrated I. *Siguifieaftl.s
d rinik em pt ied dutring cx penrimnt H -U N, ex- (I'- i.0i differet-c frtomn corresponding eulix drmuied %alue
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Discussion

_ '°° This stuy demonstrates that gastric emptying is
markedly reduced in individuals performing

P 002 treadmill exercise in a hot (49'C) as compared

with neutral ( 18' C) environment. Moreover, gast-
ric emptying is also reduced in individuals (heat

2 acclimated) performing ex2rcise in a warm (35 C)
environment when hypohydrated (-5,, of base-
line body weight) as compared with euhydrated.
The process of fluid replacement is a function of'

37 0 7 18 00 38 2 38 50 38 75 3900 3925 39 0 39 15 both the rate at which gastric contents empty from
RECTAL TEMPERATURE,'C the stomach and the rate at which fluids are ab-

Hg. 2. ( ','r-rcItls sI final 5/\er.CiO r. ta .sorbed from the small intestine. Our r,sults sug-
recosrded ditring he I1th rain ., the orrc-ponding olume gest that the first step (gastric emptying) in this
iih ,I originji drink emptied for each exwrcise ,,,on process is impaired relative to the thermoregula-

tory demand of an exercise/heat stress (Fig. 2).
Previous studies have reported that thermor-

egulation and exercise performance can be main-
tained in the heat when individuals ingest water

before experiment HY-AC(' as compared with W- during the activity (Costill et at. 1970: Gisolfi and
ACC. These data are in agreement with pre- Copping 1974: Pitts et al. 1944). Although gastric

iouv,, reported changes of blood constituents emptying was not measured, the authors (Costill
following a similar dehydration protocol (Sawka et al. 1970: Gisolfi and Copping 1974: Pitts et al.
et al. 19,4a). 1944) attributed these findings to the effectivenes

As, shvn in Table 2. heat acclimation did not of the ingcsted water in minimizing water losses
,,ignificantl\ .nfluencc the volume of original incurred by dehydration. Despite these previous
drink emptied during an,% of the exercise bouts, reports regarding the overall benefits of fluid re-
re-ulting in an a\-rage emptying rate of 18.9± 1.1 placement, the results of the present study de-
in -mn and 20.4+ 1.1 ml . min t for expert- monstrate that gastric emptying rate is greatly re-
ments. W-UN and W-ACC. respectively. In con- duced when exercise is performed in a hot (49"C)
tra,,t. the volume of original drink emptied during environment. Owen et al. (1986) recently reported
the second and third exercise bout of experiment a marked increase in the volume of gastric residue
HY-A((' was reduced a, compared with experi- recovered immediately following 2 h of exercise
ment W-UN and W-ACC. The emptying rate dur- in the heat (35'-C) as compared with a comforta-
ing the final two bouts of exercise of experiment ble environment (25"C). In the present study,
HY-A(C averaged 15.5±1.9 ml-min' This however, exercise at a similar ambient tempera-
corresponds to an average 58', of the original ture (35 C, experiment W-UN) did not consis-
drink emptied during experiment HY-ACC as tentlv influence the gastric emptying rate as corn-
compared with an average 81% for the final two pared with exercise in the neutral environmental
exercise bouts of experiment W-ACC. (18"C). This apparent discrepancy may be ex-

Table 2 also presents the mean values for the plained by' the fact that, in the study by Owen et
volume of fluids added by the stomach (stomach al. (1986). relative humidity ranged from 30"-50r
secretions) during each experiment. Stomach se- near the end of each 2 h exercise (65",' V )
cretions were consistently reduced during experi- bout. In the present study, however, relative hu-
ment HY-AC(C. being lower than all experiments midity was maintained at 20' and exercise inten-
during bout I, and exreriment N-UN during sity at 50"o V. ,,,,... Consequently, the greater ther-
bouts 2 and 3. mal strain experienced by their subjects (86) re-

To determine the relationship between gastric suited in :,q increae in rectal temperature from
emptying and the thermoregulatory strain, data -38.50 to -39.50 C duriry the final hour of ex-
from all experiments was pooled. A negative cor- ercise, similar to the responses observed in our
relition (r= -0.76, P<0.01) was found between subjects during experiment H-UIN (Fig. I).
the final exercise rectal temperature and the cor- The mechanism bv which acute heat stress im-
i c,,otd, " osuiot of oiginal drink emptied for pairs gastric emptying rate during exercise re-
each exercise bout (Fig 2). mains open to speculation. Exrcie in the heat
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nm, excrt a direct inhibitor,, eftect on the contrac- tions itl stomach secretions na\ haxe been related
tile iet' it\ of the stomach. Increased intragastric to the h.,,pohydration mediated increase in osmo-
pre,,irc, gencrated bx contractions of the proxi- lalit\ and the associate.] decrease in blood volume
mea] recion of the stomach, is believed to be the Table 3). It is possible that such a response re-
primar, mechanism for elptving of liquids (li- ,,tilted in a defense of plasma v olume concomitant
nami and NI CalIunl I9's84). This contractile activ- \xJth a reduced blood flo\, within the secretory
it,, \\ithin the stomach is thought to he controlled cells of tile stomach, thereby decreasing stomach
through the agal >xstem 'and or the release of secretions. It seems likely that the reduction ill
,arou1,, ut hormones, both of \,,hich inhibit prox- gasr!C emp!,.ing observed during experiment HY-

Ima] gatr." contractiojis. Increased acti city of AC( ( as a fu nction of 'he thermal strain induced
eithCr of these mechanismns during acute exercise by hypohydration and exercise heat stress. As
heat ,,ess x ould( thereby limit gastric emptying. previously discussed, aerations in gastric con-

i _,di tion. plasna /-endorphi ns have also been tractile activit' and or splanchnic blood flow
reported to dela\ gustric emptying b\ decreasing niV ha ods ic

the gatric contraction rate (Konturek 198). empt ving rate.
Hi o,.,Cer. it should be noted that increases in It may be argued that. in the present study, the
paitia usedoi are generally reported to oc- reductions in gastric emptying obserxed duringe
cur after, aiid not dluri ng exercise (Farrell 1985: experiments H-UN and HY-ACC were a function
( toldfarb el al. 1917). Another possible mecha- of the relative metabolic cost of the activity. Nax-
111m for the obserx ed reductions in gastric empty- imal oxygen uptake has been reported to decrease
ing nax be related to alterations in splanchnic duriino exercise in a hot (49 C) environment
blood llo,. Fxercise in the heat is characterized. (Sawka et al. 1985) and or warm environment
among other phsi,,iological responses, by a redis- k, hen hypohydratted (Craig and Cummings 1966,
tributior. of cardiac output awa.\ from the Sawka et al. 1984a). Thus, it seems likely that the
splanchnic region, most likely due to increased subjects in the present study were working at a
"tl pathetic nervous activity (Rowell 1983: Row- higher relative " . during experiments H-
ell et al. 1987). A reduction of splanchnic blood UN and HY-ACC. However. attempting to estab-
flox coiilJ conproniise plasma fluid uptake in lish a cause and effect relati.onship between gast-
the intestine. resulting in an excess intestinal fluid ric emptying and relative ,,. during an exer-
%olume, thereh causing a reduction in gastric cise heat stress is misleading. The reduction in
empt. inc. V"._ during exercise in the heat is most likely

In contrast to our hypothesis, heat acclimation due a competition between central and peripheral
xxas not accompanied by an enhanced gastric circulation for a limited blood volume, resulting
empt.ing rate in experiment W-ACC as compared in an inability to maximally increase cardiac out-
xvith \-liN (Table 2). However. it is important to put (Sawka et al. 1984a). The physiological mech-
iote- that gastric emptying during exercise in the anisin responsible for the increase in the relative
xxarm cnvjronment (35 C) before heat acclima- cost of submaximal exercise performed in the
tion (experiment W-UN) was not different from heat. therefore, is probably a direct result of the
experiment N-UN. Thus. the relatively mild addi- increased thermal strain. Likewise, it seems rea-
tional heat strain during experiment W-UN was sonable to assume that the reductions in gastric
in-ufl'icient in eliciting a consistent decrement in emptying were primarily meaiated by the greater
the gastric enptying rate. It is possible that in demand upon the therinoregulatory system during
conditions xvhere heat stress is sufficient to impair experiments. H-UN and HY-ACC, with the in-
gastric empt\ing (compared with temperate con- crease in ",, being a secondary response. In
ditions , heat acclimation may attenuate this im- support of this concept, the volumes of original
pair mcn t. drink emptied 'cre negatively correlated with the

In additon to impairing thermoregulation, hy- corresponding rectal temperatures obtained during
ptih. dration reduced ,tomach ,ecretions and de- each 15 min exLrcise bout (Fig. 3). Thus, it ap-
,:rcased gatric eimlptying rate (Table 2). Gastric pears that gastric emptying rate during a gixcn ex-
,eretion is primaril\ regulated by both neural ercise is dependent upon the severity of the thcr-
p; ir iri pathetic inin,:ration to the stonlch) ;inJ real strain induced b,. an individual's hydration

h irnmial (gastrin) mechanisms. Thus. a reduc- state and or the surrounding environmental con-
liml ill stimulatiM of either niechanism during ditions.
experiment II,-A( ( niay have accotnted for the With this in niind. our results emphasize the
reMuced stmniach secretions. Alternatively. reduc- need to ingest fluids during industrial, athletic
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